ENVIRONMENTAL TEST PROGRAM
FOR

SUPERCONDUCTING MATERIALS AND DEVICES

Final Report
to
National Aeronautics and Space Administration

Langley Reseurch Center
Humpton, VA 23665-5225

Principal Investigator: Gene Huertling

Supporting Investigators: Henry Randolph
Chi-Shiung Hsi
Darren Verbelyi

Contract No. NAG-1-1127 January 30, 1992

& Department of Ceramic Engineering

College of Engineering
CLEMSOIT
UNIVERSITY



Tafbls of Tontar-s
Fage No
I. T TOAUC T IO o e e e e e e e 1
Iz DD JECELVES vttt et e 2
ITI Scope OF WOTK vt e 3
Iv Part I (Clemson University) ..o in .. 4
1. Material Preparabilon . .......uueneeeeeenns 6
2. Property TesSUINg ..t 8
3. Grounding Link DeSIgN ... . i it 13
4. Results and D1SCUSSION .. v vt v it 21
a. Fabrication ...... ... ... . . i .. 21
b, TC CUrvVesS ..t i i et e e 23
c. Thermal Cycling ........ . ..., 26
d. Liquid Nitrogen Immersion .......... 27
e. Molsture SensitiviLy ..o iivinn oo, 29
f. Radiabilon vttt i e e e e e 34
g. Drop Testh .. it e 34
h. Control Samples . ... ..., 40
5. Conclusions of Part I ... ... 40
6. ADDPENALCES ittt it e e e e e e 42
V. Part II (Westinghouse Savannah River Co.) .... 67
1. RaAadiation Test ..ttt i e e e et as 69
2. Vibration Test .. vttt et e e e 70
3. Magnetic Field TesSt ... ..t 72
4. Long Term Vacuum/LN Test ............... 73
5. Conclusions of Part II .. ...t 76
VI. PreSeNEaAl LOMS it i ettt e e e e e e 100
VI, PUbliCatioms vttt e e e e e 100
ORIGHNAL
OF POOR



Thisz final reporr defalls wIirk TnaT a3 been carried cou-
orp a .[3-month program 1nvoiving The environmental testing of
superconducting conducting 1inxks similar T2 Those which may ke
used in the MASA-spensored ZAFIREZ program. It covers the period
from May, 1990 2o June, 1921. The work was perfcrmed in the
Ceramic Engireering Depar-ment cf Clemson Universility and at -he
facilities ©f the Westinghouse Zavannah River Company under NASA
contract MNo. Nas-1-1127. As far as 1t 1s known, this study
represents the first systematic approach to cbtaining real zime,
long term aging and performance data on the high Tc
superconducting YBallul3dl7-x materials

The work described in this report was carried out under the
overall direction of Clemson Jereralty with tasks being
performed at borh Clemscn and Westinghouse (Aiken, SC). Clemson
prepared the tapecast su pprcondwcring 123 material and fabricated

it into substrate-supported, environmentally-protected conducting
links. Following this, all cf the elements were individually
rested for resistance vs. temperature and Tc; and then a portion
of them were kept at Clemson for further testing while a randomly
selected group was delivered to Westinghouse for specialized
resting and evaluation in their low temperature/high vacuum and
radiation facilities. In addition, a number of control samples
(12 ea.} were put on the shelf at Clemson for further reference
at the end of the testing period.

Specific tests conducted at Clemson were:

all - resistance vs. temperature, Tc
5 ea. - thermal shock/thermal cycling
8 ea. - long term LN 1immersion

5 ea. - water lxmersion
10 ea. - humidity

12 ea. - drop test

all - visual test

Specific tests conducted at Westinghouse/SRC were:

*8 ea. - long term hi-vac at LN temperature

8 ea. - radiation

*8 ea. - outgassing

4 ea. - vibration

8 ea. - magnetic field

*8 ea. - resistance vs. temperature, TcC
(with and without current)

all - visual

* Jindicate tests run on the same elements
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High humidity (50% at 38 C) has had the most
detrimental effect on the elements, however, the
encapsulant will protect the element for at least

45 days. A heat treatment of the encapsulant has been

the most significant factor in extending the

protection from a few days to the present 45 days.

At liguid nitrogen temperatures, humidity 1is not a
factor of any conseguence.

Long term hi-vacuum at LN temperatures has not had
any measurable degradation effect on the elements
structurally or in regard to 1ts superconducting
propercies.

Gamma radiation did not have any effect on the
properties of the elements.

There was no detectable difference between the
samples which were subjected to 10 ma current during
the long term high-vac test at LN temperature and
those which had no current applied.

Magnetic fields (1000 Gauss) were noted to have a
deleterious effect on the superconducting properties
of scme of the elements.

Vibration did not change the physical or electrical
properties of the elements.
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Thne discovery of : ThE high To 1 La0w!
ceramisT Deroviklite ma ~ e 5t;y .ed to a
large kcay oI researc Drime : d either 1n the
directcion of developing still nigher T2 mare oY in gaining a
berter understanding ©f fhe mechnaniars respe ie for
superconductivity and has almess rotally ian the cbvicus
concerns 1nvolving the applicaticon of thesze m rials in the real
world of harsh environments and extended long: 9%
Urnderstandably, these concerns will become of ramount
importance when devices are designed, fabricated and put 1nto
service, Since lirzle 1s known about the long term stability of
these materials, especially in the unigue environment of outer
space wnere large temperature fluctuations occur in a high vacuum
amblent setting while being centinually exposed to high energy
electromagnetic radiaticn, it is critical to their successful
applicaticon to obrtain real time test data as soon as possible.

At present, the most widely researched and thoroughly
charactericed of the high Tc oxide materials is the composition
YBaCu® (designated as 123 material). Previous investigations

have amply demonstrated that this material, in bulk form, is
readlily amenable to preparation by a variety of powder processing
methods (mixed oxides, coprecipitation, sol-gel) and can be
fabricated into a number of different form factors via technigues
such as dry pressing, tapecasting, extrusion and inijection
molding; however, this material is also known to be relatively
weak, brittle and sensitive to both humidity and oxygen
stoichiometry. Thus, when incorporated into superconducting
devices, 1t regulires encapsulation for envircnmental protection
as well as physical support for mechanical integrity.

The high Tc ceramic superconductor effort at Clemson
University has centered on a specific appllcatlon for the NASA-
sponsored SAFIRE program; 1.e., a low-noise, low thermal
conductivity, superconducting grounding strap for a highly
sensitive, far infrared, atmospheric detector. The device
utilizes a pre-formed, sintered and tested material that is
bonded to a rigid substrate such as in a hybrid circuit. This
concept has the advantages of (1) pre-testing of the
superconducting material separate from the substrate, (2)
optimization of the superconducting properties of the material
without limitations imposed by the substrate, (3) wider selection
of substrate materials since the high temperature processing step
precedes mounting onto the printed circuit board, (4) freedom
from firing shrinkage and other numerous material compatibility
problems and (5) high anticipated reliability because of its
rigid design and encapsulation from the environment.
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The tests of primary concern were specifically chosen to
critically evaluate the various materials (e.g., 123 ceramic,
epoxy encapsulants, substrates and connecteors) and devices made
from them in an envircnment which simulates, as close as
possible, the actual conditions in space. Accordingly, these
include (1) long term stability in a high vacuum, (2) radiation

damage due to high energy gamma rays, (3) degradation of
properties as & result of thermal cycling and thermal shock, (4)
mecharical stability due to vibration, (5) moisture sensitivity

and {(€) loss of superconductivity under to exposure to magnetic
fields.

III. Scope of Work

The work described in this report was carried out under the
overall direction of Clemson University with tasks being
performed at both Clemson and Westinghouse (Aiken, SC). Clemson
prepared the tapecast superconducting 123 material and fabricated
1t 1nto substrate-supported, environmentally-protected conducting
links. Following this, all of the elements were individually
tested for resistance vs. temperature and Tc; and then a portion
of them were kept at Clemson for further testing while a randomly
selected group was delivered to Westinghouse for specialized
testing and evaluation in their low temperature/high vacuum and
radiation facilities. 1In addition, a number of control samples
(12 ea.) were put on the shelf at Clemson for further reference
at the end of the testing period.

The following tests and testing procedures were determined
from the specifications set forth for the space corbital platform
(POP) and also from other conditions anticipated for the devices
during service. These include:



)
b
%}

1. e CAaAn = . IerperaTavrs
2. Radiation
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The specific series cof tests arnd the seguence cf the testing
procedure are atctached to this report

The repcrt 1s divided into two parts; 1.e., the first
dealing with work invelved with Clemson University and the second
with tne results from Westinghouse Savannah River Company.
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Abstract
Low noise, low thermal conductivity superconducting grounding links used in the
NASA-sponsored SAFIRE (Spectroscopy of the Atmosphere using Far Infra-Red
Emission) project were prepared from YBagCug0O7_y superconducting tape,
individually mounted on a printed circuit board substrate and encapsulated with
epoxy resin. The link’s original configuration was re-designed according to
preliminary results from the liquid nitrogen immersion test. The re-designed
links were made via a mold process which allowed for better coverage of the
superconducting strip and the solder pads. The improved elements were then
evaluated in the performance test program. This program proceeded for 18
months from May, 1990, to October, 1991. The temperature vs. resistance
curves(T,) of the samples were used as to evaluate the condition of the links. The
links maintained their structural integrity and electrical properties after thermal
cycling, liquid nitrogen immersion, radiation, and 3 foot drop test. Consistent
results were also obtained from the control specimens maintained at ambient
conditions since May, 1990. High humidity was the most significant factor in the
degradation of the grounding links. In humidity conditions of R. H. >90%, the
elements preserved their structural integrity for at least 90 days when the

environmental temperature was lower than 32°C but this was reduced to 50 days

at 38°C.



I. Introduction.

Since YBagCugO7_, was reported as a high T, superconductor material in
1987, many investigators have worked on the application of this material. Its
brittle behavior and moisture sensitivity, however, needed to be improved before

any commercial application could be inplemented. De Gurie et. al.1) used epoxy

as a protective coating for YBagCugO7_, superconductor; however, their
published work was of a more basic nature and no actual YBagCugO7_¢
superconductor devices protected by the epoxy were reported.

A low noise, low thermal conductivity superconductor grounding link for a

remote infrared detector was developed at Clemson UMversity(24). This link

uses a PC board substrate and an epoxy encapsulant as a rigid support and
protective coating in order to maintain structural and electrical integrity of the
superconductor. As far as we know, the grounding link is the first component
which has been made by this technique for commercial application.

A performance test program, sponsored by NASA-Langley Research
Center under contract No NAG-1-1127, was used to evaluate the grounding links.
The samples used in this project were prepared at Clemson University. After the
samples were prepared, temperature vs. resistance curves of the links were
measured. The elements, then, were tested at Clemson University and
Westinghouse / Savannah River Co. in Aiken, SC. Among the various tests,
thermal cycling, liquid nitrogen immersion, water immersion, humidity, and
drop tests were measured at Clemson University. The properties of the links after
radiation exposure at Westinghouse were also characterized. This report records
the sample preparation procedure, configuration of the sample design, and
results obtained since May 1, 1990, at Clemson University.

II. Experimental Procedure.

Sample design, preparation process, devices and conditions used in
property testing are described in this section.

IL1 Sample preparation.
Figure 1 shows the preparation process of the grounding links. Raw
materials consisting of BaCOg, CuO, and YoOg were mixed with distilled water in

6
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Figure 1: Fabrication process of the grounding links
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a ball mill for 1 hour. The mixed powder was calcined at 900°C for 5 hours and

annealed at 450°C for 12 hours in air. This calcination procedure was repeated
three times. After final calcination, a tape casting slurry was prepared by mixing
the calcined powder and binder (Metoramic Sciences Inc., B73305) in the ratio of
150 grams powder to 80 grams binder. A YBagCugO7_, superconductor tape
made by the tape casting method, as shown in Figure 2, was cut into strips 0.135

inch wide x 4.0 inch long x 0.025 inch thick. The strips were sintered at 910°C for
12 hours and annealed at 450°C for another 12 hours before they were cooled to
room temperature. An electrode firing process(5) was used to apply a high

density silver electrode ( Heraeus Cermalloy 8710) onto both end of the strips, as
shown in Figure 3. The best electroding conditions found from the previous

project (Contract No. NAG-1-820); i.e., firing the electrodes at 900°C for 12

minutes and annealing at 450°C for 12 hours, were used to fire the electrodes.

After electroding, the superconductor strips were soldered to silver tabs or to gold
plated pins inserted into the PC boards.

A 0.05 inch thick uncoated PC board (Westinghouse) was cut (sheared) to a
size of 0.225 in x 4.6 in. Silver foil and gold-plated pins (Aim Pin, 40-9856) were
used as end connections. The soldered strips were temporarily mounted on a
support stage and encapsulated with epoxy resin (Envirotex thermosetting epoxy),
as shown in Figure 4. When the epoxy became semi-rigid, the samples were
cured at different temperatures and times. After curing, the grounding links
were marked with a serial number; C-batch #-firing #-thickness-width-part #.
An S was added after the serial number if Ag tabs were used as the end
electrodes, as shown in Figure 5.

IL2 Property testing.

The grounding links made in this project were evaluated by the following
testing procedure:

1. resistance vs. temperature- Te,

2. liquid nitrogen immersion,

3. water immersion,

4. humidity test,

5. thermal cycling test,
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Figure 2: Tape casting of YBagCugOq_; superconductor.
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Figure 3: Electroding process for YBagCug0q_, superconductor strips.
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Figure 5: Serial number of grounding links.
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6. drop test, and
7. radiation test.

Table 1 lists the device and/or conditions used in this testing.

Table 1: Devices and conditions used in the property measurements.

Property

Device

Conditions

Critical temperature

Keithley micro-ohmeter
Model No.580

0.1 A current
for R77 Measurement

LN temperature

Room temperature

339C, 90% R.H.

3 minutes in LN
10 minutes in the air

3, 6,12, 24 foot
dropping height

LN immersion LN dewar
Water immersion Water pan
Humidity test Blue M
Model No. VP-100RAT-1
Thermal cycling Hand
Dropping test Hand
Radiation test”

05137 Gamma
radiation

*: The radiation exposure was made at Westinghouse / Savannah River Co. in

Aiken, SC.

I1.3 Configurations of the sample design.
The sample design was improved according to the preliminary results from

the liquid nitrogen immersion test.

a. Stepl

Originally, the links were made by pouring the epoxy onto the
superconductor strips and the PC board, and allowing the surface tension of the
liquid to form a coating over and under the part. This process was named the
“no-mold” process. In this process, there were three kinds of defects, i.e., Type I,
IT and III defects, as listed in Table 2. These occurred individually or in

13



combination with one another after liquid nitrogen immersion. In the no-mold
process, the epoxy was prepared at low viscosity to insure coverage of the
superconductor, however, this usually resulted in poor coverage of the solder area
by the epoxy. Thus, Type I defect formed around the solder areas of the links
during liquid nitrogen immersion, as shown in Figure 6. Differential thermal
expansion and interface mismatching between the solder and the epoxy
accounted for this kind of defect.

Table 2: Occurrence and mechanism of different types of defects in the grounding
links after the liquid nitrogen immersion test.

Type Occurrence Mechanism
I Crack formed Mismatching between the epoxy and the
around the solders solders,when the solder was not completely

covered by the epoxy

I Cracks along the edge High stress concentration along the edge of the
of the superconductor  superconductor, when the edge of the

superconductor was only covered by a thin

layer of epoxy

III  Bubbles formed at the  Deformation of the links during the immersion
interface between the  test caused the delamination between the epoxy
epoxy and the and the superconductor
superconductor

IV~ Bubbles formed at the  Deformation of the links during the immersion
interface between the  test caused the delamination between the

electrodes and the electrode and the superconductor
superconductor

A" Delamination between High stress concentration located at the edge of
the epoxy and the the epoxy and the substrate interface
substrate

Type II defects were specified as those due to high stress concentration
along the top edges of the YBagC ugO7_y superconductor strips where less epoxy
was present. When the epoxy was not thick enough to resist the thermal stress,

14
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Figure 6: The cracks formed around the electrode area after the LN immersion

test.
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cracks were generated along this edge. Once this kind of defect was formed, it
progressed along the edge of the YBagC u307_, superconductor and penetrated
into the interior of the link along the interface between the epoxy and the
YBagCug07.4 superconductor.

Some bubbles were formed between the epoxy and the superconductor after
48 hours liquid nitrogen immersion. This kind of crack was indicated as Type III
defect. Because the thermal expansion of the epoxy was larger than that of the

PC board and the superconductor(z), bending deformation occurred in the links

during liquid nitrogen immersion. This kind ~¢ deformation and the
mismatching between the epoxy and the YBagCugO7_, superconductor were
considered to be the mechanisms responsible for Type III defects.

Figure 7 illustrates the location of different types of defects on the links.
Figure 8 shows examples of the links with different types of defects. Type I, II
and III defects were found in the samples made by the no-mold process. In order
to eliminate these defects, increased coverage of the epoxy over the solder area,
increased epoxy thickness along the superconductor strips and decreased
bending deformation of the links during liquid nitrogen immersion were
necessary and needed to be incorporated into the fabrication process.

b. Step 2

An inverted, half-round mold the size of a soda straw, as shown in Figure
9, was used to cover the top of the link during encapsulation as a means of
retaining the epoxy on the solder surfaces and keeping the solder areas and the
strips completely covered by the epoxy. This technique was named the “mold”
process. Figure 10 shows different links’ side views between the mold and no-
mold process. Type I and II defects did not occur in links made via the mold
process. The delamination between the epoxy and the superconductor strip,
however, was still observed. Instead of forming the bubbles between the epoxy and
the superconductor interface, the defect formed at the interface between the epoxy
and the electrodes and propagated to the superconductor and the epoxy interface.
This type of defect was designated as Type IV. Decreasing the deformation strain
seemed to be one of the best methods of avoiding Type IV defects. After decreasing
the epoxy thickness on the top of the link, the link’s deformations decreased
during liquid nitrogen immersion. Type IV defect has not occurred after this
modification.

16
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Figure 7: The location of different types of the defects on the links.
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Figure 8: Examples of the type I, II, IIT and IV defects

CRICGIxAL PAGE |S
OF rPOOR QUALITY



Figure 9: The encapsulation step of the mold process.
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old design/ '
(N0-mold process)

"Figure 10: Side view of the links made by the mold and no-mold process.
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c.Step 3
Another type of defect, which was observed after the preceeding

modifications had been implemented, was noticed to occur at the edge of the epoxy
and the PC board interface. This defect was determined to be a delamination
between the epoxy and the PC board. The defect was caused by a high stress
concentration along the edge of the interface. Changing the cross section of the
PC board from rectangular to trapezoidal changed the stress distribution. In this
configuration, the epoxy essentially covered three sides of the PC board, as shown
in Figure 11, and the stress concentration at the interface edge decreased. Thus,
the deformation of the links in the liquid nitrogen immersion test decreased.

From the performance results, as will be discussed in the next section, the
re-designed links made by a modified process which included all of improvements
showed good reliability and excellent structural integrity after the liquid nitrogen
immersion test.

II1. Results and Discussion.

IIL1 Resistance variation in the fabrication process.

Table 3 lists the resistance change of the YBagCugOq_, superconductors, at
room temperature, after the electroding, soldering, encapsulating and curing
steps. The resistances, by necessity, were measured by the two-point method. At
room temperature, the pin, electrodes and solder had a lower combined
resistance (~ 3-10 mQ) than the YBagCugO7_, superconductors. Hence, the
major contribution to the resistances of the links were from the YBagCugOy_ o
superconductors, themselves. It can be seen from Table 3 that the resistances of
the YBagC u3O7_; superconductors started to increase after the encapsulating
step. Only a few parts were found to increase at this step, however, there was a
10.8% average resistance increase after heat treatment. The heat treating

conditions consisted of curing the encapsulated samples at 110°C for 1 hour. The

links which were not heat treated had a similar 10.8% resistance increase, as
shown in Appendix I, after three months aging in air. The heat treated samples
still had 2.1% increase in resistance after this aging. Therefore, the
YBagCug07.4 superconductor had about 13% room temperature resistance
increase before the epoxy became stable.

21



Step 1
(no-mode process)

- Step 2
(mode process)

Step 3
(mode process)

Figure 11: Cross section of the links at each step.
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Table 3: The variation of the YBagCu3O7_ resistance at each step of the
fabrication process.
unit: Q

link No Electroding Soldering Encapsulating Heat Treatment

341 1.19 1.21 1.23 1.36
342 1.05 1.04 1.06 118
343 0.95 0.95 0.97 1.08
4 0.95 0.95 0.97 1.08
345 0.89 0.90 0.93 1.02
346 0.90 0.90 0.93 1.02
47 0.94 0.95 0.97 1.08
348 0.95 0.96 0.98 1.08
349 0.96 0.96 0.98 1.09
350 0.99 1.00 1.03 114

ITI.2 Temperature vs. resistance- Te.

The temperature vs. resistance (T,) curve of each link was measured before
it was used in performance testing. Since only two electrodes were applied to
each part, a two-point method was used in this measurement.

The resistance of the links at room temperature were in the range between
1.0 to 2.5 Q. Some selected results of the links’ resistances at room temperature
are listed in Table A-2, in Appendix II. Because the YBagCugO7.
superconductor’s resistance at room temperature dominated the resistance of the
links, the links with silver tabs or gold-plated connectors had the same resistance
range at this temperature. The variation in the resistances of the links might be
caused by variability in the sample dimensions or by a non-uniform firing
temperature due to location within the furnace, since 30 superconductor strips
were fired at the same time.

Figure 12 shows typical results of temperature vs. resistance (Te)
measurements of the links with gold-plated or silver tab connectors. Both curves
showed a temperature-resistance relationship which was similar to the curve
obtained from the superconductor tape as shown in Figure 13 (bottom figure).

The transition temperatures of the links were around 85~90 K, as listed in Table
A-2. Because the links were mounted on the sample holder in the direction
perpendicular to the liquid nitrogen surface (vertical direction) during T,

23
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measurement, the temperatures were measured at the center of the links. The
links, therefore, had a more broadened transition temperature range (AT) than
that of a superconductor tape or a one-inch link, as shown in Figure 13. The type
of pins used did not have much influence on the transition temperature: i. e., gold
plated or silver tab, as shown in Appendix II. Some temperature vs. resistance
results are included in Appendix III. All of them show a similar shape of the Te
curve.

The resistances of the links at 77K were not influenced by the resistance of
the links at room temperature. Below the transition temperature, the links with
gold-plated pins had resistances from 1.0 to 2.5 millichms, whereas the links with
silver tabs exhibited resistances between 0.23 and 0.5 millichms. Thus, there was
a one milliohm difference in the resistance between the links made with gold-
plated pins and the links made with silver tabs at 77K. The one-inch link made
with silver tabs, as shown in Figure 13, also had a resistance in the same range
as the links made in the regular length. Therefore, when the materials were in
the superconducting state, the resistances of the links were dominated by the
resistances of the pins, solder and electrodes.

ITI1.3 Thermal cycling test.
Five samples were used in thermal shock testing. The links were
immersed in liquid nitrogen for two minutes and exposed in air at room

Table 4: The resistances of the links during thermal cycling test. The resistances
were measured at room temperature.

unit: Q
No . of cycles
Link No. 0 1 3 5 7 9 10
181 1.6l 1.61 1.61 1.62 1.59 160  1.60
182 172 1.72 1.72 1.71 1.70 1.70 1.70
183 154 155 1.55 1.54 1.54 1.54 1.54
18 156 1.58 157 1.58 1.56 1.56 1.56
185  1.65 1.66 1.66 1.65 1.64 1.65 1.65

temperature for five minutes. The links were tested for 10 times. Table 4 lists the
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resistances of the links after each testing period. Consistent results were
obtained from the samples at the beginning and after thermal cycling 10 times.
The links also retained their mechanical integrity after the test; i.e., they did not
have any defects, cracks, delaminations, etc.

IT1.4 Long term liquid nitrogen immersion.

Eight links were immersed in liquid nitrogen for one year (since October 19,
1990). From that time on, the links were pulled out from the liquid nitrogen to
measure their resistances and to inspect their mechanical integrity once a week.
Table 5 lists selected results in this test. More detailed results are listed in
Appendix IV. At room temperature, the resistance of each link has remained
constant during one year of liquid nitrogen immersion. Because the pins of
sample # 297 and 298 were overheated during soldering (253 immersion days), the
connections between the pins and the electrodes of these samples were broken,
and consequently were not measured.

Table 5: The resistances of the links in long-term liquid nitrogen immersion. The
resistances were measured at room temperature.

unit: Q
Date 10/19/90 10/26/90 12/09/90 01/27/91 03/18/91 05/05/91 06/30/91 08/18/91 10/04/91 10/18/90
Day 0 7 50 101 151 198 253 302 350 365
Link No. - - .
291 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
292 14 14 14 1.4 14 1.3 14 14 14 14
203 21 21 21 21 21 2.1 2.1 2.1 2.1 2.1
294 19 1.9 1.9 1.9 1.9 1.8 1.9 1.8 1.9 1.9
295 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
296 21 2.1 21 2.1 2.1 2.1 2.1 21 2.1 21
297 1.3 1.3 1.3 1.3 1.2 1.2 1.3 - - -
208 1.8 1.6 1.7 1.8 1.8 1.8 1.8 - - -

No aging effect was found from the links in this measurement. This may
be due to the low immersion temperature of 77K. Figure 14 shows the T, curve of
the link #292 after 100 days and one year liquid nitrogen immersion. All the
samples, in this test, had similar temperature vs. resistance curves between the
100 day and one year immersion tests, as shown in Figure 14 and Appendix V.
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The cracks on the epoxy as described previously were not found to be present in
the samples in this immersion test. Both the structural integrity and electrical
properties of the elements were maintained after long term liquid nitrogen

immersion.

II1.5 Moisture sensitivity.
Water immersion and humidity tests were selected in order to examine the
moisture sensitivity of the link.
a. Water immersion test.

In this test, the links were put in a water pan and immersed with
distilled water. The pan was kept at room temperature. Figure 15 shows
the links after 30 days water immersion. The epoxy of link #205 peeled off.
It was caused by the reaction of the water and the superconductor.
Because the epoxy thickness along the edge of the superconductor was
thinner than at other places, the reaction occurred in this location. Once
the epoxy peeled off, the reaction accelerated, and delamination proceeded
further as link # 179 in Figure 15 reveals. When the epoxy along the
superconductor edge was thick enough, the location on top of the electrodes
became the places of weakness due to the thinner epoxy. Thus, the cracks
formed at these positions.

Table 6: The resistances of the links in water immersion. The resistances were
measured at room temperature.

unit: O
Date 5/16/91 8/14/91
at start 90 days
Link No. ---
234 1.3 1.5
238 1.2 1.5
248 1.3 C*
250 1.2 1.3
255 14 1.7
259 1.4 1.7
27 14 1.8
272 1.5 1.8
273 14 1.7
277 1.5 1.8
279 1.6 1.8
C: crack
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After increasing the thickness of the epoxy on the top of the
superconductor, the link’s resistance to water corrosion was enchanced.
Table 6 lists the resistance of the links after 90 days water immersion. In
this test, only one out of eleven samples had a crack on it. The other
samples maintained their structure integrity after 90 testing days. The
samples’ resistances increased as the links aged at ambient conditions.

b. Humidity test.

A 90% relative humidity environment at 38°C was controlled by a
Blue M environmental chamber (Model No. VP-100RAT-1). Two types of the
cracks observed in the water immersion test were also found in this test.
These are;
a. Typel

When the epoxy was not thick enough, the epoxy broke at this
position. Usually, this position was found along the top edge of the
superconductor strips, where there was thinner epoxy thickness in the
links.

b. Type 2
When the thickness of the epoxy along the superconductor was thick

enough, the epoxy on the top of the solder became the weak link of the
element. Type 2 cracks occurred at this position.

However, the MTBF (Mean Time Before Failure) of the samples in
this test was shorter than that of the water immersion. The MTBF of the
links vs. thickness is shown in Figure 16. The failure time of the link was
roughly proportional to the epoxy thickness. Within 40 testing days, the
cracks were found on the links having the epoxy thickness less than 0.1875
mm. In addition, some bubbles formed at the interface between the epoxy
and the superconductor before the cracks formed.

Table 7 lists the resistances of the links during testing. As can be
seen,the resistances of the links increased with the testing time. The links
without heat-treatment had a higher sensitivity to humidity than those of
the heat treated samples. This is similar to the results obtained from the
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air aged samples (refer to Appendix I).

Table 7: The resistances of the links in the humidity test. (The resistances were

measured at room temperature)

unit; Q
Day atstart 4 8 17 0 44 2
Part #oecomeeeem s e e
27438 1.6 1.6 1.7 1.9 2.2 i )
2758 14 15 1.7 - - . -
2768 1.2 1.2 1.3 14 1.6 1.8 C
2788 15 1.5 1.6 1.8 i . ]
o80b 1.6 1.5 1.6 C*
oglb 14 14 14 15 1.7 1.9 1.9
282¢ 1.6 1.6 1.6 17 1.9 2.1 2.3
283¢ 1.7 1.6 1.7 1.7 2.0 21 2.3
303d 16 16 1.6 1.7 1.8
svd 26 2.6 2.6 2.7 2.8

*C: Crack, a: non-heat treatment, b: 0.5 hours heat treatment, c¢: 1 hour heat
treatment, d: 3 hours heat treatment.

When the humidity chamber’s temperature was decreased to 32°C,
only one out of sixteen samples had crack after 73 test days. The resistances
of those links also increased with the testing time, as listed in Appendix
VI. In the high humidity conditions, the link’s resistance degradation was
temperature dependent. Below 32°C, the epoxy protected the
superconductor from high moisture for at lease 90 days. If the temperature
was higher than 320C, the links failed within approximately 50 days. The
curing conditions of the epoxy was the most important factor in improving

the protection time of the epoxy. Especially, when the temperature was

higher than 32°C.
From the discussion above, the following conditions are necessary in

the fabrication process:
1. The epoxy’s thickness should be thicker than 0.2 mm.
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2. The samples are to be cured at 110°C for more than one hour.

I11.6 Radiation test.

Figure 17 show the T, curves of the links before and after the gamma
radiation test. The curves measured after the radiation test showed the same
characteristics as the curves obtained before the test.

Table 8: The resistances of the radiated links at room temperature and liquid
nitrogen temperature and their critical temperature(T,).

Before Radiation Test After Radiation Test
Link No
Rr.T () R77(mQ) T, (K) RR T (Q) R77(mQ) T, (K)
222 1.47 1.52 85 1.54 1.46 85
225 1.59 111 87 1.64 1.11 86
230 1.75 2.63 & 1.84 2.83 85
244S 1.21 0.36 88 1.27 0.21 &
247S 1.22 0.33 87 1.27 0.20 88
2458 1.24 0.33 89 1.29 0.21 88
242S 1.32 0.44 86 1.32 0.44 88

The resistances of the links at room temperature increased slightly after the test,
as indicated in Table 8. Since it was almost 6 months after the samples
preparation, this increase in the resistance at room temperature was caused by
normal aging, as described previously. The resistance of the links at 77K did not
increase, and critical temperatures of the links were in the normal temperature
range. The samples also maintained their structural integrity. It can be
concluded that radiation exposure had no measurable effect on the grounding
links.

ITL. Drop test.

The resistances of the links before and after the drop test are listed in Table
9. The samples were dropped from different heights; i. e., 3, 6, 12 and 24 foot. The
samples which were dropped from 3 foot showed consistent resistances with the
samples before test. They also maintained their superconducting behavior, as
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shown in Figure 18. The links dropped from 6 to 24 foot had resistances from 2.0
t0 7.3Q. The drop height did not have much influence on the resistances. In the
resistance vs. temperature measurement, those links exhibited semiconductor
behavior, as shown in Figure 19 and Appendix VII and were not in the
superconducting state at LN temperature. However, there were no cracks found
in those samples under microscopic observation.

Table 9 :The resistances of the links before and after the drop test. The resistances
were measured at room temperature.

unit: Q
Link No Before drop After drop Drop height
381 15 1.5 3
387 1.0 1.0 3
393 1.0 1.0 3
395 14 1.4 3
400 1.3 1.5 3
377 1.5 4.2 6
378 1.4 3.2 6
388 1.0 1.3 6
391 14 2.5 6
399 1.0 3.5 6
379 1.4 2.0 12
380 1.3 2.7 12
384 1.7 3.5 12
389 1.5 7.3 12
390 1.5 52 12
382 1.4 52 24
386 1.6 7.1 24
392 1.6 3.0 24
397 1.5 3.9 24
398 14 52 24

When the link (#382) was dropped from 24 foot for 10 times, cracks across
the superconductor strip were observed under steric microscopy observation, as
shown in Figure 20. The resistance of this link was as high as 85.5Q. Therefore
the links’ resistances increased in this test were dued to the microcrack inside the

superconductor.
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I11.8 Control samples.

There were ten control samples maintained at ambient conditions for more
than 15 months. These links not only exhibited superconducting behavior at LN
temperature, as shown in Appendix VIII, but also maintained their structure
integrity. The epoxy coating successfully protected the superconductor from

environment,

IV. Conclusions.

The YBagCug07_, superconductor grounding link used in the NASA-
sponsored SAFIRE project showed excellent performance after being evaluated in
the environmental test program. The electrical properties and structural
integrity of the elements at ambient conditions were maintained by the epoxy
encapsulation. No degradation was found from long term liquid nitrogen
immersion, thermal shock, 3 foot drop test, or exposure to gamma radiation.
Nevertheless, the links had high sensitivity to high humidity conditions,

especially when the environmental temperature was higher than 32°C. The
proposed operating conditions of the links, however, are in a very low humidity
environment at 77K. Under these conditions, the elements yielded good results.
Therefore, in this rigid-conductor concept, the substrate and epoxy successfully
preserves the electrical and physical properties of the YBagCugOy_ o
superconductor. This concept can also be applied to electrical circuit techniques
or multi-leaded elements, as shown in Appendix IX.

From the humidity test results, the following fabrication conditions are
recommended:

1. An epoxy thickness greater than 0.2 mm,

2. An epoxy curing cycle of 110°C for one hour or more.
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Appendix I
Table A-1: The variation of the links’ resistances after 30 days room temperature
aging in air. The YBagCugO7_, superconductor strips were sintered by single

ﬁring(5).
unit:Q
Link No. at 07/28/90 at 08/27/90 variation (%)
1* 0.895 0.915 2.2
2% 1.017 1.034 1.7
3* 0.861 0.885 2.8
6* 0.975 0.999 2.5
48* 0.765 0.781 2.1
49* 0.816 0.830 1.7
54* 0.843 0.860 2.0
10 0.883 0.982 11.2
1 0.844 0.964 9.0
14 0.951 1.097 154
39 0.682 0.756 10.9
41 0.653 0.738 13.0
44 0.680 0.757 11.3
& 1.100 1.206 9.6
83 0.774 0.835 7.9
8 0.894 0.961 75
& 0.785 0.852 85
87 2.014 2.198 9.1
88 1.607 1.748 8.8
8 1.644 1.797 9.3
QD 1.508 1.635 8.4

*. The links were heat-treated at 110°C for 1 hour.
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Appendix II
Table A-2: The resistance of some selected links at room temperature and at liquid
nitrogen temperature, and their critical temperatures.

Link No. Rr 1 (Q) R77 (mQ) T, (K)
212 1.15 1.4 0
23 1.08 1.9 88
214 1.08 1.4 86
215 1.02 2.0 &6
216 1.02 2.1 86
27 1.09 218 88
218 1.10 1.93 &85
219 1.11 2.08 88
220 1.14 1.91 88
221 1.82 1.20 86
223 1.24 1.30 &
226 1.41 1.39 85
227 1.34 1.62 86
228 1.31 0.98 87
229 1.29 1.19 87
203S 1.08 0.25 86
204S 1.21 0.36 D
2058 1.10 0.34 89
206S 1.93 0.25 &
207S 1.44 0.4 88
208S 1.09 0.34 87
209S 115 0.22 89
2318 1.07 0.45 88
2328 1.11 0.38 87
2358 112 0.3 88
2408 1.05 0.45 88
2418 1.17 0.39 88
243S 1.14 0.23 89
2468 114 0.34 87

S: silver tab
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Appendix IV '
Table A-3: The resistances of the links in the long-term liquid nitrogen immersion
test. The resistances were measured at room temperature.

unit: 2

Date 10/719/90 10/26/90 11/04/90 11/18/90 12/02/90 12/17/90 01/01/91 01/13/91 01/27/91 02/10/91
Day 0 7 16 31 45 60 75 87 101 115
N N O mmem e e
291 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
292 14 1.4 14 1.4 14 1.4 14 14 14 14
293 21 2.1 21 21 2.1 2.1 21 21 21 21
294 1.9 1.9 1.8 1.9 19 1.9 1.9 1.9 19 19
295 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
206 21 2.1 21 21 2.1 21 21 2.1 21 21
297 1.3 1.3 1.3 1.4 1.3 1.3 1.2 1.3 1.3 1.3
298 1.8 1.6 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Date 02/26/91 03/10/91 03/24/91 04/14/91 04/28/91 05/19/91 06/03/91 06/16/91 06/30/91 07/14/91
Day 136 143 157 178 192 212 227 240 253 267

Link No.------- ————

291 1.6 1.6 1.6 1.5 1.5 1.6 1.6 1.5 1.6 1.6
292 14 14 14 14 14 14 14 14 1.4 14
293 21 21 2.1 2.1 21 21 21 21 21 21
24 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.9 1.9 1.9
295 2.2 2.2 2.2 2.2 22 2.2 2.2 2.2 22 2.2
296 21 21 21 21 21 2.1 2.1 21 21 21
297 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.2 1.2 -
208 1.8 1.8 1.8 1.8 18 1.8 1.8 1.8 1.8 -

=

Date 07/28/91 08/11/91 08/18/91 08/25/91 09/01/91 09/09/91 09/16/91 09/23/91 10/06/91 10/18/91

Day 281 295 302 309 316 324 331 338 353 365
Link No.

291 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.6 1.6 1.6
292 14 14 1.4 1.4 1.4 14 14 1.4 14 14
293 21 2.1 2.1 21 21 2.1 2.0 21 2.1 2.1
24 1.9 1.9 1.8 1.8 1.8 1.8 1.8 1.8 19 1.9
295 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
296 21 21 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
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Appendix VI
Table A-4: The resistances of the links in the humidity test at 32 oC, 90% R. H..
The resistances were measured at room temperature.

unit: Q
date  07/29/91  08/11/91  08/25/91 09/09/91  09/23/91  10/06/91
at start 17days 31days 46 days 60 days 73 days

2 2
3682 1.1 1.1 1.2 1.3 1.3 14
3692 1.0 1,0 1.1 115 1.2 1.3
3708 15 1.5 1.5 1.65 1.7 1.9
ana 1.6 1.6 1.7 1.9 1.95 21
3728 1.5 1.5 1.7 1.8 1.9 2.0
373b 1.2 1.2 1.2 1.3 14 1.5
374b 1.7 1.7 1.8 2.0 2.0 2.1
375b 1.7 1.7 1.8 1.9 2.0 2.2
376b 1.8 1.7 1.8 1.8 2.0 2.1
401¢ 1.6 1.6 1.7 1.8 1.9 2.0
409C 2.0 2.0 21 2.2 24 2.5
403¢ 1.2 1.2 1.2 1.3 1.4 14
4054 1.5 1.6 c*

406d 1.6 1.6 1.7 1.7 1.9 1.9
4074 15 15 1.6 1.8 1.9 1.9
4084 1.8 1.8 1.8 1.9 2.0 2.1

C: crack, a: samples were cured at 1100C for 2 hours, b: samples were cured
at1100C for 12 hours, c: samples were cured at 1100C for 24 hours, d:
samples were cured at 1150C for 4 hours.
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Appendix VII
Figure A-3: Tc curve of selected results of dropping test samples.

Sampie No: _T¢ cugve of Line ! 381 Date’ /3153

Sample iD: LTz 1,89 ohm, R(T7e 2,37 3illicha by: Senals Hai
2.0 ‘ — - - . '

Resistance (Q)

Temperature (K} )

H Elgetronie Ceruamics Lab, Clemron Univervity

Sample No: Te curve of link # 381 afeer 3 faec dropping tesc Data: _QI/31/3L

Sampls [D: 88T Jn | Si oha. 2{17)a.2 00 aillicha

Resistance ({1

070 ‘ 100 150 200 250 300
Temperature (K}
Eleeironie Ceramics Labd, Clamson Univervity
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Sample No: Ic curve of link # 393 27/11591

27

Sample ID: AAR.T. 1= (.05 ohm, R(77)e 2.19 nilliona.
1.5 T T >

by: ht-Shiung Hat
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1.5 - -
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Appendix VIII

Figure A-4 Tc curves of the control samples after one year storage at ambient
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Appendix IX
Figure A-5: T, curve of a link with three YBagCugO7_4 superconductor strips.
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Annual Report

ENVIRONMENTAL TEST FOR SUPERCONDUCTING MATERIALS
AND DEVICES

Results of Testing Program at SRS
to
Dr. Gene H. Haertling

Ceramic Engineering, Clemson University
Clemson, SC 29634-0907

Investigators:
Henry Randolph - Westinghouse Savannah River Co.
Darren Verebelyi - Westinghouse Savannah River Co.

- Clemson University

Contract No. NAG-1-1127
WSRC-TR91-403
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Intzr ion

The properties of YBayCuz0q_ superconducting tapes designed

and fabricated into SAFIRE-type, encapsulated, grounding
links by the Ceramic Engineering Department at Clemson
University were investigated(NASA Contract No. NAG-1-1127).
Testing at the Savannah River Site included gamma
irradiation, vibration, magnetic field, and long-term
evaluation. Irradiation and vibration did not change the
physical or electrical properties of the tested samples. An
applied magnetic field of 1000 Gauss increased the
superconducting resistance and invoked semiconductor
electrical properties of some samples. The long-term testing
began in January 91 and resistance data showed nc increases.

No gaseous decomposition has been found.
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Eight samples were irradiated in a high level gamma well.
These samples were received from Clemson with known
resistance vs. temperature curves. Before irradiation the
samples were videotaped. The full screen view equaled the
width of the sample. The samples were then immersed in
liquid Nitrogen(LN,) and exposed to 137Cs for 126 total hours
over a 10 day period. The main energy peak of the 137¢g
spectrum 1s at 661.66 keV. The calibrated exposure rate was
96.940 R/hr. The equivalent gamma radiation dose in water is
equal to 11,000 rad. The cross section for gamma absorption
in superconducting material is greater. Therefore, the dose

would be greater than 11,000 rad.

After irradiation these samples were videotaped again in the
same manner as before exposure. The only physical change
resulting from the treatment, was minor epoxy separation from
the superconductor. This effect has been observed at Clemson
on some samples during long periods of LN; immersion. The
samples were returned to Clemson for comparison resistance
vs. temperature curves. These curves showed no change from
the pre-test curves.
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Vibration Tesgt

Reslstance vs. temperature curves on four unused samples were
taken before vibration. Figures 1 and 2 are the original
curves. All four samples had well defined transitions to the
superconducting state and had a 80K resistance of less than 5
milliohms. Using the first derivative of the resistance data
curves similar to Figure 3 show two distinct transitions.

These two transitions are compiled in Table 1.

Sample Tc1{K) Tco(K)
364 94 89
365 94 90
366 92 87
367 93 90

Table 1 Original Critical Temperatures of the Four
Vibration Test Samples

Samples 364, 365, 366, and 367 were then vibrated
perpendicular to their face as shown in Figure 4. The
samples were fixed to table supports at each end. All
samples were in the same configuration when vibrated
simultaneously. The elapsed time of vibration with the

corresponding frequency and acceleration are shown in
Table 2.

Time Frequency Acceleration Acceleration
_(seconds) (Hertz) (m/s) (g's)
750 15 70
350 16 50 5

Table 2 Vibration Test Variables
Total time: 18.5 minutes
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afcter vipration, the samples had resistance vs. temperarire
curves taken again. These curves were compared to rhe
previous curves and no major differences —cere found. Table

compares the original data to the post-vipration data. The

(@]

post-vibration curves are shown in Figures 5 and 6. Overlays
of the post-vibration curves on the original curves show the

transition region in detail. Overlays are shown in Figures 7
and 8.

Sample Te (K) Tco (K)
Original Post-Test Qriginal Post-Test
364 94 93 89 86
365 94 94 90 90
366 92 93 87 87
367 93 93 90 90
Table 3 Original vs. Post-Vibration Critical Temperatures

of the Four Test Samples
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Magnetic Field Test

Resistance vs. temperature curves on tour unused samples were
first taken with no applied magnetic field. Figures 9 and 10
show the original curves of the four samples. Two of the
samples were found to be poor, 362 and 363, and had

superconducting resistances of several hundred milliohms.

Samples 360, 361, 362, & 363 were then placed in a 1000 Gauss
magnetic field and then coocled to LN; temperature. The
magnetic field was perpendicular to the face of the sample
and 1s shown in Figure 1l1. The excitation current used

during a 4-wire ohm measurement was 10 milliamps.

The comparison data with and without the applied field is
shown in Table 4. The first poor sample, 362, was slightly
changed by the applied field. However, sample 363 became
worse and exhibited semiconductor properties. Sample 360 was
unchanged in the field and had a T of 91K. Sample 361 was
severely changed by the field and also exhibited a .
semiconductor-like increase in resistance during cooling.
Figures 12 and 13 show the resistance vs. temperature curves
to room temperature in an applied field. Figures 14 and 15
compare the curves at the transition with and without a
field.

Sample Te (K) Resistance(milliohms)
Zero Gaugss 1K Gauss Zero Gauss 1K Gauss

360 91 92 <5 <5

361 50 91 <5 480~

362 93 93 110 103

363 93 93 440 1060*

* Exhibited Semiconductor Properties

Table 4 Zero vs. 1000 Gauss comparison of the Four Samples
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Long-Term Tegt

The long-term test monitored for decomposition by-producrs
and changes in resistance while maintaining low
remperature(77K) and high vacuum(10-7 torr). The equipment
ro perform measurements included a cryostat and a vacuum
system consisting of stainless steel piping configured to
accommodate two, 20-pin, electronic signal feedthroughs, an
1on pump, and a mass spectrometer head. Figures 16 and 17
show the vacuum system configuration. The cryostat is
immersed in LN from a 50 liter dewar. LNy is replenished to

the 50 liter dewar by an interchangeable 160 liter dewar.

Continuous data acquisition by computer control compiled
measurements of current, voltage, temperature, pressure, and
partial pressure. Data were taken at 15 minute intervals and
written into two text files along with a date and time stamp.
Measurements were taken by a Hewlett Packard 3457a
Multimeter, Hewlett Packard Scanner, and a Dycor Quadrupole
Mass Spectrometer. The multimeter was certified and is NIST

traceable.

Voltage and current measurements were written to disk and
resistance was calculated from Ohm's law. Temperature was
calculated from the resistance measurement of a calibrated
ceramic Platium RTD. Pressure was calculated from a voltage
measurement on the ion pump controller. Partial pressures of

12 masses were normalized to the ion pump pressure in torr.

A current of 10 milliamps was applied to all eight samples
for the first week, then the current was removed from four
samples for the balance of the test. Samples were arranged
in two groups of four as given in Table S. The one inch
diameter cryostat holds the samples as shown in Figure 18.
This orientation allows the temperature measurement to be an

upper limit for the samples. The continuous current samples
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are at a lower temperature due to their position at the
bottom of the cryostat. The thermal transfer of the tube
produces a temperature gradient of approximately 7K from the

bottem of the cryostat to the RTD.

mpl * nstan rren

Group 1l: 203 Tab Yes

204 Tab Yes

212 Pin Yes

213 Pin Yes

Group 2: 232 Tab No

209 Tab No

214 Pin No

217 Pin No
* Tab = Silver foil tab connector
Pin = Gold plated pin connector

Table 5 The Two Groups of Samples in the Long-Term Test

The long term test portion of the program has been in
progress for more than 6700 hours. Data were collected each
minute during the initial cooling of the samples on 15 Jan
91. Data from sample number 212 were omitted due to its
failure to go superconducting after its initial testing on 21
Dec 90. The major abnormality found during the experiment
was a negative potential from sample 204. This negative
potential of several pvolts disappeared after 700 hours of
testing. At this point the samples were at an abnormally
high temperature of 110K. The normal state resistance of a
sample is approximately one ohm. There is a measured
superconducting resistance for each sample due to the two-

wire configuration of the samples. This superconducting
resistance is several hundred pohms.
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Resistance data Is the gprimar, f--us of “he LINg-T2rm experisern-
The three samples o De evaliat=sd ars The TONETANT Current
samples These samples are 203, 2.4 and 213 Daza segments 17
nours Long were used for evaluat-ion These s3egments were chosen
pecween dewar fi1lls so no -ransients were present in the data.

The Lemperature lncrease over a 1L hour segment was gquite small

in the beginning and has grown because of the better vacuum
1%

present in the system. The pressure is currently in the lower
10 tcrr range Data segments were taken at 366, 2915 and €670
hours. ©Over this span ¢f time the resistance of the samples

showed no sign of increase. Figure 19 shows the sample’s
resistance for each data segment. Figure 20 is a bar graph of

the average resistances for each sample and segment.

Physical degradation of the superconductors and encapsulant was
evaluated through the use of gas analysis. The vacuum system was
attached to a gas analyzer which could see the spectrum of masses
up to 200 amu. Normal masses corresponding to water, nitrogen,
carbon dioxide and hydrogen were seen. The change 1in
concentration of these gases over a period of time i1s shown in
Figure 21. Other gases were not continuocusly detected with
partial pressures greater than 10 torr. At 10 torr, gas
deccmposition would not provide a measurable total mass loss from

a sample.
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Ccomprehensive testing was performed on 24 encapsulated
superconductors provided by Clemson University under NASA
Contract No. NAG-1-1127. 0Of the samples, three were found
defecrive before testing. Twelve samples were gamma
irradiated and vibrated with no permanent damage inflicted.
A magnetic field was found to cause substantial interruption
in the electrical properties of some samples. The primary

effect was the induced semiconductor phases.

The long-term testing has not lead to the destruction of the
samples investigated. The encapsulant has protected the
superconductor from a high vacuum at LN; temperature.
Overall, the samples tested were durable physically and
electrically and have withstood exposure to the adversities

of a space environment.
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1 mm diameter gold pin
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Side view of sample on vibration table
(motion is in and out of page)

Solder Superconductor
P Z

i

Gold pin

1.5 cm

Top view of sample on vibration table
(each end of the sample was fixed to the table)

Figure 4 Configuration of sample on the Vibration Table.
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f‘_D< Sample

Side View
1000 Gauss
Permanent Magnet
h
—
-t Sample
| s———
- Top View

Figure 11 Schematic of Sample Surrounded by Permanent Magnet
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20 Pin Electrical

2 24 Contlat” Flange
Feedthrough :

Nipple Tee

Access Valve

To 1solation valve . g— |
an on pump (Fig 17) ]

Crossover

Cryostat —

50 Liter Dewar

o

Side View

Figure 16 Vacuum System Chamber with Cryostat and
Electrical Feedthroughs
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RGA Head

lon Pump Unit Nipple

Blank Flange

\ Crossover
Lab Jack —»

High Vacuum
Isolation Valve

To Sample Chamber
(Figure 186)

______

_ TBACK

Top View

_ Figure 17 lon Pump Section of Vacuum System with RGA Head
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To
Vacuum
System

I

Ceramic

Liguid Nitrogen
RTD

Level when dewar

_ 55;;' r s full

Group 2

<+—— Cryostat

I

C
1

[

Group 1

Figure 18 Schematic Orientation of Samples in Cryostat
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for Each Data Segment for Samples 203, 204, and 214

Figure 20 Average Resistance
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Hydrogen Water Nitrogen Argon cor

Gas

The Partial Pressures of Various Gases Present in
the Vacuum System and Their Change with Time
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1. initi h isti f m
- Photograph
- Total weight
- Dimensions
- Resistance vs. Temperature curve(-195C to 40C)

2. lrradiate sampleg to 1E4 Rad (S) at -198C ysing Cs137 Gamma

3. M al ol .
- Photograph

- Total weight
- Dimensions
- Resistance vs. Temperature curve(-195C to 40C)

4. Measure resistance vs. temperature cyrve(-195C to 40C) in

1 fi

5. Mount 8 shunts in vacuum ghamber

(Four shunts will have 10 ma dc current flow)

- Continuously for one week
- Repeat at 2,4,8,16,32, and 64 weeks

9. Measure resistance vs. temperature curve each 6 months

10. i resi r
(except when 8 & 9 are in progress)

11. Conclusion of test
- Measure resistance vs, temperature curve at one atmosphere
- Measure resistance vs. temperature curve in 1000 Gauss field
- Measure material characteristics
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Exploratory Test Serges for Clemson Syperconducting Shunt{cont)

yibration Test(Foyr Shunts)

1M initial o - ! al
- Photegraph

- Total weight
- Dimensions

- Resistance vs. Tempsrature curve(-195C to 40C)
- NO external field

- 1000 gauss field

2M-Q“MMMQLameLQ

_ 3. Vibrate for 15 minutes at 5 QLS(100HzZ frequency)

4,
- - Photograph
- Total weight
- Dimensions
— - Resistance vs. Temperature curve(-195C to 40C)
- No extemal field
- 1000 gauss field

Humidity Test(Four Shunts)

- 1. Measure initja] charactaristics of material
- Photograph

- Total weight

- Dimensions

- Resistance vs. Temperature curve(-195C to 40C)
- no external field
- 1000 gauss figld

- Photograph
- Total weight
- Dimensions
- Resistance vs, Temperature curve(-195C to 40C)
- NO external figld
' - 1000 gauss figld
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